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SEISMIC NOISE ON BASALT AND SEDIMENT SEAFLOOR 
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A comparison of noise on basalt and sediment covered sea-floor . 
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Abstract 

During the NOBS experiment in 1991 seismic noise in the frequency range .01 to 10 Hz was measured 
with arrays of pressure and velocity (seismometer) sensors on sedimented seafloor and seafloor 
composed of basalt. Wave height data were recorded simultaneously on FLIP. 

We find a distinct correlation between sea-surface wave amplitude at about 0. 1 HZ and seafloor pressure 
and velocity at frequencies of about 0.2 Hz (the microseism band) . In this band the seafloor noise tracks 
the sea-surface wave amplitude at twice the frequency of the waves and the ratio between vertical 
velocity and pressure is controlled by the compliance of the seafloor. The more compliant 
sediment-covered seafloor produces larger amplitude vertical velocity noise than the basalt seafloor. This 
noise propagates at phase velocities of greater than 1 km/sec and is consistent with non-linear wave 
interaction theory for the generation of this noise. 

At frequencies above about 1 Hz the noise on the seismometers is dominated by interface waves 
propagating in a low velocity channel associated with the ocean to seafloor transition (Stonely waves). 
This noise propagates at speeds less than about 0. 1 km/sec and it's characteristics are determined by the 
seafloor and the transition from a zero rigidity ocean to a high rigidity lithosphere. Seafloor having thick 
transition regions with shear velocities less than 1.5 km/sec have a spectral peak on the seismometers at a 
lower frequency than regions with a thin transition region. Pressure sensors appear to be unaffected by 
the nature of the seafloor. 

Introduction and Objectives 

Several experiments and theoretical analyses have shown that sea-floor noise in the frequency range .01 
to 10 Hz is from three sources. At very low frequencies (.01 HZ) gravity waves on the sea-surface 
produce sufficient pressure disturbance at the seafloor to contribute to seafloor noise (Crawford et al 
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1991). At frequencies near 0. 1 HZ the non- linear interaction of swells at the sea-surface produce 
acoustic waves at twice the frequency of the generating swells (Webb et al 1992). These acoustic waves 
propagate as Rayleigh waves which are coupled into the sub-sea-floor. At frequencies above 1 HZ noise 
on the sea-floor appears to be dominated by Stoneley waves which are produced at the sea-floor by, for 
example, scattering of acoustic waves generated at the sea-surface (e.g. breaking waves) and by biologic 
activity. The Stoneley waves propagate in the zone at the interface between the ocean and the sea-floor 
where the shear velocity is less than the compressional wave velocity of the water. Because the shear 
velocity is usually very low the speed of these waves is very low and therefore the wavelength is very 
short. Tuthill et al 1981, Dougherty and Stephen 1988, Schreiner et al 1990, Dorman et al 1993, Liu et al 
1993, Park and Odom 1997. 

Because the sea-floor in the deep ocean can vary widely from low rigidity mud to high rigidity basalt it is 
expected that the displacement component of the sea-floor noise would depend on the rigidity of the 
sea-floor. To test this hypothesis an experiment was undertaken in 1991. In the experiment four arrays of 
seismometers were set on sea-floor where the sediment had thicknesses of approximately 0, 10, 100 and 
1000 meters. In addition the R/V Flip was deployed near one of the arrays to record swell height and 
wind, as well as other environmental factors. This was a unique opportunity as it is usually very difficult 
to have measurements of swell concurrent with measurements of sea- floor noise. The NE Pacific Ocean 
off the coast of Oregon was chosen as the site because of the opportunity to realize all the desired 
sea-floor types within a small geographic area on and near to the Juan de Fuca ridge system, Figure_l . 
The general hypotheses being tested are shown schematically in figure 2 . 

In this paper we will use the data to examine the general properties of sea-floor noise, the relationship 
between swell and sea-floor noise, the properties of sea-floor noise at frequencies above 1 HZ, and finally 
the variation of sea-floor noise with sediment thickness. 

A description of the instrumentation may be found in Jacobson et al 1991 

The locations of the seismic instruments are given below. 

Array A . Juan de Fuca Ridge. 0 m sediment 

57-130.2226 44.9512 2296 

54-130.2226 44.9468 2296 

Array B. Blanco fracture zone. 10 m sediment 

2-126.3853 42.8390 2700 

5 -126.3751 42.8409 2690 

6-126.3766 42.8368 2655 

9-126.3833 42.8429 2685 

13 -126.3813 42.8430 2700 

53 -126.3815 42.8417 2690 
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55 -126.3808 42.8428 2690 
58 -126.3800 42.8405 2690 
61 -126.3813 42.8377 2690 
Array C. Flank. 100 m sediment 

I -126.6032 43.0241 3125 
4-126.5934 43.0217 3125 
51 -126.5915 43.0253 3125 
52-126.5960 43.0272 3125 
56-126.5985 43.0245 3125 

59- 126.5937 43.0292 3125 

60- 126.5997 43.0282 3125 
62-126.5972 43.0220 3125 
63 -126.5977 43.0255 3125 
64-126.5947 43.0252 3125 

Array D. Cascadia Basin. 1000 m sediment. 
Also site of R/V FLIP 

7- 125.9976 43.6964 3025 

8- 125.9729 43.6968 3025 
10-125.9801 43.7101 3025 

II -125.9947 43.7008 3025 
12 -125.9843 43.7058 3025 
14-125.9834 43.6960 3025 
15 -125.9879 43.7103 3025 

Typical seafloor noise spectra in the range .01 to 10 Hz. 

When we compare typical sea-floor noise records of pressure and displacement (obtained by correcting 
the velocity measurement) we see that they are similar at the low frequency end, .01 to .3 HZ. but diverge 
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above .3 HZ. , with the displacement becoming increasingly larger than the pressure. This can be seen in 
Figure 3 , which shows typical sea-floor noise recorded on a hydrophone and a vertical seismometer. 
There is also a well defined peak in the noise at 0.2 HZ. This is the so-called microseism peak. 

The relationship between pressure and displacement for a plane acoustical wave incident at the sea-floor 
is defined by the impedance equation P=-2*pi*i*rho*f*Uz, where rho is the density, f is the frequency 
and Uz the displacement. Note that we would expect from this relation that the pressure divided by the 
displacement would increase linearly with frequency. The data in figure 3 shows the opposite trend. This 
suggests that we are not dealing simply with incident plane waves, and that a more complicated wave 
propagation is involved. 

This paper will show that the properties of the microseism peak are consistent with Rayleigh wave 
propagation in the ocean and sub-sea-floor and attempt to show that the displacement noise becomes 
larger at higher frequencies in relation to the pressure because of Stonely wave propagation at the 
sea-floor interface. 

Microseisms; A relationship between sea-surface swell and sea-floor noise 

It is now widely held that the microseism peak in sea-floor noise is caused by swell at the sea-surface, 
Webb 1992. Swells at the sea-surface interact non-linearly to produce an acoustic wave at twice the 
frequency of the interacting swells. This acoustic wave then propagates in the ocean-seafloor wave guide 
as a Rayleigh wave. The data we obtained in this experiment confirms this hypothesis. 

Wave height data were recorded on FLIP throughout the NOBS experiment, a sample of these data is 
shown in Figure 4 . Spectra of the wave height data are compared to sea-floor pressure in Figure 5 and 
we see clearly that there is a peak in the wave data at about 10 sec. period and a peak in the sea-floor 
pressure at about 5 sec. period. To show that these two peaks are causally related we compared the wave 
and sea-floor pressure data for a 24 day period to see if increases in wave height associated with storm 
activity are related to increase in microseism noise at the sea floor. That they are related can be clearly 
seen in Figure 6 , a spectrogram of wave height and sea-floor noise for 24 days at the FLIP site. These 
data show that the sea-floor noise is closely related to the wave height in time. Stated another way, the 
sea-floor noise at a particular site is closely related to the sea-state of the ocean surface immediately 
above the sea-floor site. Spectrograms from the other array sites show similar increases in noise levels at 
about the same time as the FLIP site, indicating that the storm events are producing similar effects at the 
other sites. See Figure 7 ,a comparison of spectrograms from all 4 sites during one noise event. 

So far the data clearly show that there is a peak in the sea-floor noise at twice the frequency of the 
sea-surface swells and that they are closely correlated in time. By inference it is highly likely that the 
sea-floor noise is causally related to the swell. To show that the sea-floor noise is propagating as Rayleigh 
waves in the ocean sea-floor wave guide we need to demonstrate that the noise has phase velocities of 
order of a few km/sec. In principle this can be done by using phase delays between array elements. In 
practice the array size (or inter-element spacing) can limit the resolution of this measurement. In this 
experiment inter-element spacings were a few hundred meters, based on a desire to resolve short 
wavelength phenomena, and not optimal for wavelengths of several km. In spite of this low resolution 
velocity estimates can be made using 3 dimensional frequency- wavenumber (f-k) spectra. 

To estimate usable f-k spectra requires that the coherence between array elements be high at the 
frequency of interest (0.2 HZ for microseisms). Figure 8 shows examples of spatial coherency between 
pairs of seismometers at each array site. We see that coherency is high at 0.2 HZ and inter-element 
spacings of a few hundred meters for all the sites. We also see that the coherency drops off rapidly at 
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higher frequencies and is low at 0. 1 HZ. 

Estimates of the f-k spectra for the FLIP site are shown in Figure 9 These spectra of the microseism noise 
show the horizontal phase velocity to be about 1.5 km/sec at 0.2 HZ. and direction of propagation to be 
from the South West. This result is consistent with Rayleigh wave propagation. 

Because the non-linear interaction of short wavelength swells at the sea-surface results in long 
wavelength acoustic waves in the ocean we will expect these acoustic waves to have properties similar to 
plane waves at the sea-floor. One of these properties, determined from the impedance relationship 
P=-2*pi*i*rho*f*Uz , involves a 90 degree phase shift between the pressure and displacement. Figure 10 
shows vertical/pressure phase spectra for all sites. For the FLIP site, which has the largest sediment 
thickness (about 1000 meters) , the phase shift is close to 90 degrees. For the other sites with smaller 
sediment thickness the phase shifts are progressively smaller as the sediment thickness decreases, 
suggesting that the sea-floor properties are effecting the microseismic noise characteristics. 

Based on the phase velocity of the sea-floor microseismic noise and the coherence between the swells and 
this noise it seems reasonable to conclude that the microseismic noise is indeed caused by the local swell 
action and that the noise is propagating as Rayleigh waves in the ocean-seafloor wave guide. 

Stoneley waves 

In the previous section we have shown that the microseismic noise at about 0.2 HZ. is characterized by 
relatively high phase velocities (1.5 km/sec), which correspond to wavelengths of about 7 km, and as a 
consequence high coherence between seismometers a few hundred meters apart. We also noted in the 
previous section that the coherence fell dramatically above 1 HZ. This implies that the noise above 1 HZ 
is of wavelength less than a few hundred meters. It must therefore have phase velocities less than about 
100- 200 m/sec and must be propagating in a mode much different from the microseismic noise. 

Because the coherence above 1 HZ is so low we cannot use the array data to measure the velocity of the 
noise in this band directly. We are able, however, to use bottom shots to show that there is an energetic 
phase generated by the shots which propagates at a very slow phase velocity. This is the well known 
Stoneley wave and it propagates in the waveguide formed by the mud and other low shear strength 
materials at the interface between the water and the sea-floor. Its speed is mostly determined by the shear 
speed of the interface material. Tuthill et al 1981, Schreiner and Dorman 1990 and others have shown 
other experimental evidence for this wave. Park and Odom 1977, show that this wave is very efficiently 
generated and propagated by scattering at the sea-floor. 

As already mentioned the lack of coherence is the primary evidence in this experiment that this noise is 
propagating as Stoneley waves. Bottom shots add data supporting this inference. As an example Figure 
ii shows the direct and Stoneley waves from a bottom shot as recorded at one OBS . The considerable 
time delay between the direct arrival and the Stoneley wave indicates its slow speed. An enlargement of 
the direct arrival from the bottom shot is shown in Figure 12 and an enlargement of the Stoneley wave 
from the bottom shot is shown in Figure 13 . 

We see from Figure 13 that the Stoneley wave has its largest amplitude on the vertical seismometer and is 
not visible on the pressure sensor. This explains why the sea-floor noise on the vertical seismometer 
increases relative to the pressure sensor as frequency increases above 1 HZ. (see figure 3). 

These bottom shot data are evidence that disturbances at the sea-floor are capable of energizing this 
waveguide. Other sources of stimulus would be animals and acoustic waves scattered by irregularities at 
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the sea-floor. 

A comparison of noise on basalt and sediment covered sea-floor. 

There is also evidence from this experiment that the characteristics of both the microseismic noise and the 
Stoneley wave noise are dependent on the properties of the sea-floor. This evidence comes from 
comparing the noise spectra of the pressure and vertical seismometer sensors. 

Figure 14 shows mean sea-floor pressure spectra from all sites. Figure 15 shows mean sea-floor vertical 
seismometer spectra from all sites. These spectra were estimated by taking the mean of many adjacent 
and non-overlapping spectra. From these two figures it is clear that the pressure spectra are much less 
dependent on sea-floor properties than the vertical seismometer spectra. There is an unusual peak at 
about 2 HZ. on the pressure sensor at the zero sediment site. This site was on the axis of the Juan de 
Fuca ridge and the noise could be due to hydrothermal sources. 

To characterize the dependence of the noise on site properties (primarily sediment thickness) we have 
calculated ratio spectra for all four sites by dividing the vertical seismometer spectra by the pressure 
spectra, Figure 16 . These ratio spectra were then normalized to the FLIP site on the basis that the FLIP 
site had the thickest sediment and most closely approximated a situation in which the velocity only varied 
with depth. Figure 16b shows V/P ratio spectra for all 4 sites as referenced to the FLIP site. 

These ratio spectra suggest that sediment thickness has an effect on sea-floor in at least two ways. The 
first relates to microseismic noise. The ratio spectra show that the sites with thin sediment have V/P 
ratios about 10 times less than the FLIP site. This can be understood in terms of the compliance of the 
sea-floor in response to long wavelength forcing. For sites with thick sections of low strength sediments 
the sea-floor has a greater displacement response than a site with no or little sediment. See Crawford et al 
1991 for more information. The second effect of the sea-floor on noise is at frequencies above 1 HZ. The 
ratio spectra data show a peak near 1 HZ which generally becomes smaller and moves to progressively 
lower frequencies as the sediment thickness increases. At the FLIP site the peak is almost absent and it is 
largest on the sites with little sediment. This suggests the possibility of a resonance effect related to the 
thickness of the sediments. Webb 1992 has quantitatively analysed this situation in terms of mode 
excitation and dissipation. 

Conclusions 

A principle goal of this experiment was to determine if sea-floor noise was dependent on the nature of the 
sea-floor, hence the name of the experiment, Noise on Basalt and Sediment (NOBS). The data from this 
experiment show clearly that sea-floor noise is dependent on the details of the physical properties at the 
sea-floor. 

For microseismic noise propagating as Rayleigh waves in the ocean-sea-floor waveguide at about 0.2 HZ 
the compliance of the sea-floor effects the amplitude of the displacement of the sea-floor. Sites with 
lower compliance will have greater displacement due to the swell generated noise. 

Noise above 1 HZ is very sensitive to the properties of the sea-floor. A low shear strength layer at the 
sea-floor permits efficient propagation of very slow Stoneley waves. Resonance effects appear to be 
possible and related to the details of the layer at the sea- floor. Sites with thin sediment layers appear to 
be more noisy at 1 HZ than sites with a thick layer of sediment. 
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Figure Captions. 



Figure 1 Location of the seismic arrays 

Figure 2 A schematic of the hypotheses being tested 

Figure 3 Typical sea-floor noise recorded on a hydrophone and a vertical seismometer. 

Figure 4 Sample wave height data as recorded by FLIP 

Figure 5 A comparison of spectra of wave height and sea-floor pressure 

Figure 6 Spectrogram of wave height and sea-floor noise for 24 days at the FLIP site 

Figure 7 A comparison of spectrograms from all 4 sites during one noise event. 
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Figure 8 Spatial coherency between pairs of seismometers at each array site. 

Figure 9 Frequency wavenumber spectra of the microseism noise showing the velocity and direction of 
propagation 

Figure 10 Vertical/pressure phase spectra for all sites showing 90 degree phase shift for microseism noise. 

Figure 1 1 A bottom shot as recorded at one OBS showing the direct and Stoneley waves. 

Figure 12 An enlargement of the direct arrival from the bottom shot. 

Figure 13 An enlargement of the Stoneley wave from the bottom shot. 

Figure 14 Mean sea-floor pressure spectra from all sites 

Figure 15 Mean sea-floor vertical seismometer spectra from all sites. 

Figure 16 V/P ratio spectra for all 4 sites. 

Figure 16b V/P ratio spectra for all 4 sites as referenced to the FLIP site. 
Brian T.R.Lewis 
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UC Berkeley I Seismological Laboratory 



Stations of the Berkeley Digital Seismic Network 




ARC - ARCATA 



Operational 1948 - 08/02/2001 




Latitude: 40.87772 (N) 
Longitude: -124.07738 (W) 
Elevation: 30.1 meters 



Location Geology Vault Conditions 
Instrumentation Network Operation Notes 
Noise Characteristics Data Availability 



Location 

Site is located on the campus of Humboldt State University , under the auspices of the 
Geology Department . The site was established in 1948 with the installation of 
Wood-Anderson torsion seismometers. 

Geology 

Quaternary Sandstone 

Vault conditions 

The instruments are sited on the ground floor of Founders Hall at Humboldt State 
University. The digital instrumentation is located on the same concrete pier as the 
Wood-Anderson seismometers, in a room at the northwest corner, which is isolated from 
the hallway via two doors. The seismometers are thermally insulated with 4" of 
polyurethane foam. An adjoining room contains the datalogger and supporting 
equipment. 

Station Instrumentation A 

Broadband seismometers 

o 05/26/1992 to 08/02/2001: Streckeisen STS-2 with Quanterra Q980 Datalogger 
Strong motion accelerometers 

o 05/26/1 992 to 08/02/2001 : Kinemetrics FBA-23 with Quanterra Q980 Datalogger 
Pressure sensor 

° None installed at this site 
Temperature sensor 

° None installed at this site 
Timing 

o 04/01/1999 to 08/02/2001: Quanterra GPS QTS2 clock 
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° 02/20/1997 to 04/01/1999: Quanterra GPS QTS1 clock 
° 05/26/1992 to 02/20/1997: Truetime GOES clock 
Telemetry 

° 03/08/1996 to 08/02/2001: Frame relay circuit using a Vanguard V320 FRAD. 

° 05/26/1992 to 03/08/1996: USGS Microwave connection from Eureka to Vollmer 
Peak and leased data circuits. This link was frequently subject to fading during 
foggy periods of the year, leading to occasional loss of data. 

Network 

BK ( Berkeley Digital Seismic Network ) 
Operation Notes 

This section summarizes major changes in equipment or in instrumentation. 

° 08/02/2001: With the successful installation of the BDSN station JCC, the BSL 

closed ARC after several months of simultaneous recording. The BSL thanks HSU 

for a long and productive collaboration. 
° 12/12/1999: Q980 software upgraded to MSHEAR. 

° 04/01/1999: Quanterra GPS QTS1 clock replaced by Quanterra GPS QTS2 clock 
and V100 FRAD replaced with V320 FRAD. Q980 disk upgraded to 2 Gb and an 
ethernet card installed. 

o 02/20/1997: GOES clock replaced by a Quanterra GPS QTS1 clock. 

o 03/08/1996: Analog telemetry replaced with frame-relay connection. 

° 05/12/1995: Q980 software upgraded to USHEAR. 

° 01/15/1993: Wood-Anderson torsion instruments removed. 

° 05/26/1992: A Streckeisen STS-2 and a Kinemetrics FBA-23 were installed with a 
Quanterra Q980 Datalogger and a Truetime GOES clock. 

Noise Characteristics 

Due to its location near the coast, ARC is one of the noisiest stations of the BDSN. The 
microseismic noise is exacerbated by noise spikes introduced by a ground loop at the 
site. The noise spikes occur every 5 minutes and appear on both the broadband and 
strong motion data. 

The figures below are cumulative plots of power spectral density (psd), summarizing the 
results on an annual basis. In each figure, the vertical component psd is plotted with 
blue diamonds, the north component psd with red squares, and the east component psd 
with green circles. The results are presented in the 5 different frequency bands, and the 
USGS/Albuquerque low noise model is plotted as a dashed line in each. The PSD units 
are in dB (decibel) relative to 1 (m/s**2)**2/Hz. The current annual plot is updated 
weekly. 
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For more information about the background noise level, see the summary plot for ARC 
and other stations on the power spectral density summary Web page. 

Data Availability 

BDSN waveform data are available at the Northern California Earthquake Data Center 
(NCEDC) . 

o Summary of available channels for all stations 
° Directory with Instrument Response information 
° NETDC Waveform Request 



BDSN Overview 



BDSN Map BDSN Table 



Return to the Berkeley Seismoloqical Laboratory 



The Berkeley Seismological Laboratory, 202 McCone Hall, UC Berkeley, Berkeley CA 94720 
Questions and comments to www@seismo.berkelev.edu 
© 2000, The Regents of the University of California. 
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VC Berkeley ' S e ism ological Laboratory 




Stations of the Berkeley Digital Seismic Network 

ARC - ARCATA 

Operational 1948 - 08/02/2001 
Latitude: 40.87772 (N) 
Longitude: -124.07738 (W) 
Elevation: 30.1 meters 




Location Geology Vault Conditions 
Instrumentation Network Operation Notes 
Noise Characteristics Data Availability 

Location 

Site is located on the campus of Humboldt State University , under the auspices of the 
Geology Department . The site was established in 1948 with the installation of 
Wood-Anderson torsion seismometers. 

Geology 

Quaternary Sandstone 

Vault conditions 

The instruments are sited on the ground floor of Founders Hall at Humboldt State 
University. The digital instrumentation is located on the same concrete pier as the 
Wood-Anderson seismometers, in a room at the northwest corner, which is isolated from 
the hallway via two doors. The seismometers are thermally insulated with 4" of 
polyurethane foam. An adjoining room contains the datalogger and supporting 
equipment. 

Station Instrumentation 

Broadband seismometers 

o 05/26/1992 to 08/02/2001: Streckeisen STS-2 with Quanterra Q980 Datalogger 
Strong motion accelerometers 

° 05/26/1992 to 08/02/2001: Kinemetrics FBA-23 with Quanterra Q980 Datalogger 
Pressure sensor 

° None installed at this site 
Temperature sensor 

0 None installed at this site 
Timing 

o 04/01/1999 to 08/02/2001: Quanterra GPS QTS2 clock 
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° 02/20/1997 to 04/01/1999: Quanterra GPS QTS1 clock 
o 05/26/1992 to 02/20/1997: Truetime GOES clock 
Telemetry 

o 03/08/1996 to 08/02/2001 : Frame relay circuit using a Vanguard V320 FRAD. 

° 05/26/1992 to 03/08/1996: USGS Microwave connection from Eureka to Vollmer 
Peak and leased data circuits. This link was frequently subject to fading during 
foggy periods of the year, leading to occasional loss of data. 

Network 

BK ( Berkeley Digital Seismic Network ) 
Operation Notes 

This section summarizes major changes in equipment or in instrumentation. 

° 08/02/2001: With the successful installation of the BDSN station JCC, the BSL 

closed ARC after several months of simultaneous recording. The BSL thanks HSU 

for a long and productive collaboration, 
o 12/12/1999: Q980 software upgraded to MSHEAR. 

° 04/01/1999: Quanterra GPS QTS1 clock replaced by Quanterra GPS QTS2 clock 
and V100 FRAD replaced with V320 FRAD. Q980 disk upgraded to 2 Gb and an 
ethernet card installed. 

o 02/20/1997: GOES clock replaced by a Quanterra GPS QTS1 clock. 

© 03/08/1996: Analog telemetry replaced with frame-relay connection. 

° 05/12/1995: Q980 software upgraded to USHEAR. 

° 01/15/1993: Wood-Anderson torsion instruments removed. 

o 05/26/1992: A Streckeisen STS-2 and a Kinemetrics FBA-23 were installed with a 
Quanterra Q980 Datalogger and a Truetime GOES clock. 

Noise Characteristics 

Due to its location near the coast, ARC is one of the noisiest stations of the BDSN. The 
microseismic noise is exacerbated by noise spikes introduced by a ground loop at the 
site. The noise spikes occur every 5 minutes and appear on both the broadband and 
strong motion data. 

The figures below are cumulative plots of power spectral density (psd), summarizing the 
results on an annual basis. In each figure, the vertical component psd is plotted with 
blue diamonds, the north component psd with red squares, and the east component psd 
with green circles. The results are presented in the 5 different frequency bands, and the 
USGS/Albuquerque low noise model is plotted as a dashed line in each. The PSD units 
are in dB (decibel) relative to 1 (m/s**2)**2/Hz. The current annual plot is updated 
weekly. 
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BDSN STATION PROFILES - ARC httpy/vv^kismo.berkeley.edu/seismo/bdsn/station_book/arc.html 



For more information about the background noise level, see the summary plot for ARC 
and other stations on the power spectral density summary Web page. 

Data Availability 

BDSN waveform data are available at the Northern California Earthquake Data Center 
(NCEDCV 

0 Summary of available channels for all stations 
0 Directory with Instrument Response information 
° NETDC Waveform Request 





BDSN Overview 


BDSN Map 


BDSN Table 



Return to the Berkeley Seismoloqical Laboratory 

The Berkeley Seismological Laboratory, 202 McCone Hall, UC Berkeley, Berkeley CA 94720 
Questions and comments to www@seismo.berkelev.edu 
©2000, The Regents of the University of California. 
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Hurricanes and Microseismic Activity: A Preliminary Report 



Richard Ensign, CSDM Seismic Station 



This past August, one of my students and I had the opportunity to spend 2 weeks doing seismic research 
in the Seismological Laboratory at the University of Michigan in Ann Arbor. I used our CSDM station 
data to explore ocean-generated microseismic activity, while Darrin Dumas, a 12th grade student at 
Crestwood High School measured the speed of seismic surface waves. Darrin will report on his work in 
an upcoming issue of The MichSeis Newsletter. 

During the nearly 2 years of digital operation of the CSDM station we have encountered many periods of 
strong microseismic noise independent of cultural noise caused by human activity. Our seismometer has 
detected extended times (hours to days) during which wave packets with a 6 second period come and go. 
I discovered that while there is a long history of research on the fact that ocean waves generate this noise, 
there are still many mysterious facets to its origin. Storm waves breaking on the beaches create a more or 
less random high frequency signal to nearby seismometers (e.g., as seen by an S102 in Florida). CSDM in 
its mid-continent location does not see these signals. Where then, does this 6 second activity come from? 
Is it really 6 seconds or a mix of different periods? 

As I began the research in August, I increased the analog gain on our seismometer to maximum. Dr. Ruff 
modified the SeismoView display and analysis program so that it calculates the average and peak 
microseismic activity at 4, 5, 6, 8, 12 and 20 second periods during each hour-long block of data. The 20 
second period was a marker for earthquake surface waves so that we would not confuse distant 
earthquakes with ocean microseisms. On several occasions earthquakes masked the weaker microseisms 
we were studying. 

Our studies benefited from the large number of tropical storms and we did indeed se e microseismic 
activity from Erin and Felix when they neared our continent. We monitored hurricane reports for wind 
speed and pressure as indicators of storm intensity. Probing available weather data on the internet, we 
accessed real-time weather and wave data from buoys anchored well out on the continental shelf. Wave 
spectral data was available from these buoys so correlation with our microseismic spectral data became 
possible. We were surprised to learn that Erin and Felix generated relatively weak microseisms with 
dominating periods of 4 and 5 seconds with much lower level 6 second activity. Why did the literature 
speak so often about a 6 second period and why had we seen strong winter 6 second activity for the past 
several years? Where was it coming from? 

Storm after storm impacted or passed along our Atlantic and Gulf coastlines. Microseismic activity was 
weak and mildly correlated. When the research period ended in mid-August, I continued to gather both 
weather and seismic data for analysis. In mid-September Hurricane Luis moved north along, but well 
away, from the Atlantic coast. It produced weak microseisms and was forgotten. 

On September 11,12 and 13, my students and I were very surprised to see microseismic activity rise 
dramatically to five times the level seen for earlier storms. 
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Luis, the only storm around, had moved north to Canada and to the east. It was no longer a threat to land 
or near our continental shelf. Why then this sudden surge of micro-seismic activity? Luis winds at the last 
NWS report on 9/1 1 were averaging 90 mi/hr down from 140 mi/hr. It was well away from our 
continental shelf. There were no buoys that far northeast in the ocean to check ocean wave height against 
the microseism activity. 
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The source of the microseisms was revealed when, while literally surfing the internet (WWW) for ocean 
wave data, I came across the Fleet Numerical Meteorology and Oceanographic Center at the Naval 
Postgraduate School Annex in Monterey, CA. They had developed a model called WAM that allowed 
them to predict and follow the wave activity of storms at sea. The model and its projections are updated 
every 12 hours. On September 12th, just after the microseisms peaked. I downloaded the WAM analysis 
for 12hrs UTC. There, below Greenland, the supposedly weakening remnant of Luis was generating a 
large area of 30 ft high waves as shown above. The model showed that this was the only large wave 
source in the world's oceans. I had found the source of the microseismic storm. 

Within 24 hours the waves had fallen well below a value of 15 ft height; this correlates with the decay of 
microseism amplitudes as seen at CSDM. We've since watched Marilyn, Noel, Opal and Pablo develop on 
the WAM display, but no development of high waves and accompanying microseisms occurred. 

Will it happen again? We'll be watching this winter as big storms develop in the North Atlantic and the 
ocean microseisms return to high levels. Stay tuned! >< 

| Contents | MichSeis Homepage | 
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CAN 



Noise at CAN in 1995 



Estimates of the power spectral density for the 3 channels VLP(VH), LP(LH) et VBB(BH), 

for the / ~ 

vertical (blue), N/S (red) and EAV (green) components. 

The number of sequences used for each channel is shown in the lower left. 

The maximum and minimum noise levels are shown by dashed lines (after Peterson - 1993) 
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Postscript file : CAN_allyr.ps 



Daily and seasonal variations in microseismic noise. 

Estimates of power spectral density 

from top to bottom : Vertical, N/S and EAV components 
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Diurnal variations for the Seasonal variations for the 
channels BH and LH channels BH, LH and VH 
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